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During the course of epidemiologic investigations of typhoid fever
the importance of the variability of clinical manifestations, the frequent
failure of physicians to establish a diagnosis satisfactory to themselves,
and the large percentage of cases in which positive agglutination reac-

tions with the Bacillus typhosus were absent, particularly in water-borne
epidemics, led to the observations herewith presented. It is the purpose
of this paper to offer as a contribution the facts developed by serologic
studies in certain epidemics to which I was assigned in charge under the
direction of Dr. Samuel G. Dixon, Pennsylvania State Commissioner of
Health.

GENERAL CONSIDERATIONS

By means of careful observations of the biochemistry and the agglu-
tination properties of micro-organisms of the typho-colon type, it has
been found that certain forms have characteristics which group them
together; further, that their pathogenicity bears a somewhat definite
relation to the grouping. For the purpose of study and in the light of
present information, the classification based on the suggestion of Park1
is used; in the order of pathogenicity it is as follows:

1. Typhoid group.
2. Paratyphoid group.
3. Dysentery group.
4. Colon group.

It is apparent from the literature that has accumulated since the first
description of infections which are now known as paratyphoid fever that
this disease is an unquestioned etiological entity. The bacilli—B. para-
typhosus A and B. paratyphosus  —described as causing this path¬
ological process have been divided into two types because of differences
in cultural and agglutination phenomena. In the group to which they
have been assigned, there are numerous other forms, the more important
of which are B. paraceli,  . alcaligenes,  . of hog cholera, B. suisepticus,
B. enteritidis (Gaertner), B. of mouse typhoid, B. of calves' diarrhea and
B. psittacosis. To this date there is evidence that only certain members

* From the Pennsylvania State Department of Health.
* Submitted for publication March 3, 1913.
1. Park: Pathogenic Bacteria, 1910.
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are pathogenic to man, and it is Avith these that we are particularly
interested.

The clinical course of unreported cases has been considered indis¬
tinguishable from that of typhoid fever. It is not possible to present the
results of clinical study in this contribution. There are many other
features which remain to be clearly defined, such as the sources of infec¬
tion, the methods of transmission, the association of the micro-organisms
with the B. typhosus and the relation of clinical types to atypical forms
of typhoid fever; it is desirable to know in what proportional relationship
typhoid fever and paratyphoid fever and infections by other members of
the typho-colon group may occur. It is also necessary for the application
of preventive and therapeutic measures to know of what value anti¬
typhoid vaccine may be in cases of so-called mixed infections of this class,
and, as to whether or not it would be advisable to use a polyvalent vaccine
for the prevention of this group infection. These problems have, in
part, been studied, and certain features will be considered in this article ;
others we hope to make the basis of future contributions.

The justification for separating paratyphoid fever from typhoid fever
has been much discussed. In many epidemics of typhoid fever, par¬
ticularly those in which the infection is water-borne, the earlier cases

are atypical in onset and clinical course, and it is often difficult to con¬

vince the general practitioner that he is dealing with a disease which is
bacillary in origin and Avhich needs the same supervision as a typical
case of typhoid fever.

My experience indicates that relatively few cases are diagnosed as

typhoid fever. There is no doubt that many diagnoses of "eatarrhal
fever," "gastric fever," "grip," gastro-enteritis, abdominal influenza and
others are made for patients suffering with a true B. typhosus infection,
but far more frequently with infections by some pathogenic member of
the paratyphoid group.

Each unreported case, escaping sanitary control, is the potential
source of an epidemic and each case incorrectly diagnosed is inimical to
the health of those acting as nurse and often as the household cook. In
only one territory, that of Hawaii,2 and in only one state, namely, Wash¬
ington,3 is it specifically required that the disease, as a clinical entity,
shall be reported to the health authorities. In Pennsylvania, under the
power granted to the Commissioner of Health, the latter may, with

approval of the Advisory Board, declare a disease reportable. Such
action has been taken during three epidemics which were under my
immediate charge.

2. U. S. Pub. Health Bull., No. 45.
3. Rules and Regulations Washington State Board of Health, 1912.
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66 THE ARCHIVES OF INTERNAL MEDICINE

In speaking of early cases, it is not meant that the incitation period
of paratyphoid fever is not as long as that of typhoid fever ; we have some
evidence that the period for true infections by B. paratyphosus A and
B. paratyphosus  is the same as of B. typhosus. Roily,4 in his studies
of the so-called gastric form of paratyphoid fever, states that one of the
peculiarities of paratyphoid fever is the insignificant incubation time.
However, his observations were made on some 250 individuals whose
infection was said to be due to B. typhosus B, and, as will be noted later,
there is some probability that this was really a B. enteritidis infection,
in which the incubation period is doubtless shorter than in true para¬
typhoid infections. There is, however, a shorter prodromal period for
paratyphoid infections; the onset is more abrupt and the clinical expres¬
sion of invasion and multiplication is more varied. The differentiation
should be sharply made between the incubation period and the pro¬
dromal period.

Variations in clinical form lead to resemblances to many other types
of infection. It is not desirable to discuss such differences in this paper,
but in order to emphasize the need for a careful clinical and bacteri¬
ological diagnosis, the disease, paratyphoid fever, may be said to present
one of four general types :

1. That closely resembling typhoid fever; this is most often due to B. para-
typhoaua A.

2. That closely resembling influenza of the abdominal type. This may be due
to B. paratyphoaua A or  or to mixed infections including these and B. typhoaua,
as well as  para coli or B. alcaligenea.

3. That suggesting a general gastro-enteric inflammation with nausea and
vomiting. This is often diagnosed as ptomain poisoning and is due usually to one
of the lower group members of the paratyphoid group.

4. That closely resembling dysentery, in which, however, B. dyaenteriae is not
found but most often B. enteritidia (Gaertner) is recovered from the feces and
the agglutination reaction confirms the findings. According to the literature
B. paratyphoaua  is almost as frequently the offending micro-organism. This
type, too, is often diagnosed as ptomain poisoning and almost as frequently
"cholera morbus."

SOURCE

In considering the source of infection it is often difficult to limit the
discussion to the true paratyphoid forms. There is no doubt from many
observations which have been recorded that the various members of the
paratyphoid group come from the intestinal tracts of domestic animals.

B. paratyphosus A.—This micro-organism in water-supplies was first
isolated and identified from the spring water of an Italian village by
Paladino-Blandino5 in 1903. However, Schottmüller6 ascribes six cases

4. Rolly, Fr.: M\l=u"\nchen.med. Wchnschr., 1911, p. 559.
5. Paladino-Blandini: Ann. d'ig. sper., 1903, xv, 159.
6. Schottm\l=u"\ller: Deutsch. med. Wchnschr., 1900, p. 511; Ztschr. f. Hyg. u.

Infectionskrankh., 1901, Bd. xxxvi; M\l=u"\nchen.med. Wchnschr., 1902, No. 38.
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reported by him up to 1901 to transmission by water. May,7 in 1909,
was successful in isolating the same form from running water which was

used as the source of domestic supply. There are no other records of
its recovery from drinking supplies.

Baermann and Eckersdorff,8 while studying eight cases, isolated cul¬
tures from the feces. Harvey,9 working alone, recovered the organism
from the blood of eleven patients and many times from the feces, and
later, working with Grattan10 in the study of two small outbreaks,
recovered the organism from the blood of seven patients and traced the
source of infection to a cook who had suffered with cholecystitis several
months previously, and whose blood showed a positive agglutination with
the organism recovered from the other patients. Purjesz11 isolated cul¬
tures from both feces and urine, and Aoki12 recovered the organism in
almost pure culture from an abdominal abscess and the feces. This
patient was shoAvn to be a carrier case and is so discussed by them.
Mounier and Riberau13 report an interesting recovery with autopsy,
showing a positive agglutination for B. paratyphosus A in a dilution of
1 to 200, negative to B. paratyphosus B. The organism was recovered
from the blood-stream, and on autopsy, was found in the spleen, liver
and kidneys. However, isomutoric tests were not made in this instance.

B. Paratyphosus B.—The identification of B. paratyphosus  does
not seem, to the present time, to be distinctly certain, and, in the review
of the literature as presented, note is not made of the failure to differ¬
entiate sharply between this organism and B. enteritidis (Gaertner).
The recent studies by Bainbridge would indicate that the particular
strain of B. paratyphosus  recovered from cases of meat poisoning is
entirely different from the true B. paratyphosus  referred to in the
studies of this article. Bainbridge believes that all cases of meat poison¬
ing are really infections by B. enteritidis (Gaertner).

B. paratyphosus  was first described by Achard and Bensuade14 in
1896, and has been frequently recovered from the blood and dejecta of
those ill with the disease. The first epidemic reported in the literature
occurred in Saarbrücken,6 Germany, in 1902, during which the bacillus
was recovered from the feces in eighteen cases, and from the blood in
four cases. Since that date many studies on organisms recovered from

7. May: Jour. Roy. Inst. of Pub. Health, 1909, xvii, 551.
8. Baermann and Eckersdorff: Berl. klin. Wchnschr., 1909, No. 40.
9. Harvey: Jour. Roy. Army Med. Corps, 1910, xiv, No. 4.

10. Grattan and Harvey: Jour. Roy. Army Med. Corps, 1911, xvi, No. 1.
11. Purjesz: Wien. klin. Wchnschr., 1910, No. 36, p. 1284.
12. Aoki: Centrabl. f. Bakteriol., 1 Orig. 1910, lvi, 110.
13. Monnier and Riberau: Compt. rend. Soc. de biol., 1910, lxix, 151.
14. Achard and Bensaude: Bull. et m\l=e'\m.Soc. m\l=e'\d.d. h\l=o^\p.de Paris, 1896,

xiii, 820.
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water-supplies have been made. Gaehtgens15 reports its isolation on three
different occasions from a public water-supply, the source of which w-as

a stream supplying an Alsatian municipality. In another instance, he
recovered both B. paratyphosus  and B. alcaligenes from a fountain-
supply.

Epidemics from ingestion of infected ice cream have been reported.
Prigge and Sachs-Muke18 studied thirteen cases in one outbreak. Liebe¬
trau17 reported an outbreak of nineteen cases of which three patients
died; a nurse living in the home of a confectioner had nursed a para¬
typhoid patient. Both the nurse and the confectioner's helper showed a

positive agglutination with B. paratyphosus B, and the epidemic followed
the ingestion of ice cream manufactured by the helper.

Popps18 reports paratyphosus  fever following the ingestion of
spoiled oysters, the diagnosis being based on positive agglutination with
B. typhosus and B. paratyphosus  ; however, no other studies were made
and the organism was not recovered from the blood or feces. Konig10
studied four patients who, while at a convention, ate raw ham and whose
blood gave a positive reaction with B. paratyphosus B. He later isolated
the same organism from the ham. Friedrichs and Gardiewski20 recovered
a paratyphoid-like organism from tripe. It was not definitely identified.
Rommeler21 recovered the organism from pudding, sausage and tripe.
Prigge and Sachs-Muke,18 in another instance, studied sixteen cases of
paratyphoid fever, apparently infected by roast swine. However, there
were no bacteriological studies. Zimmerman22 recovered B. paratyphosus
 from one patient infected from eating the meat of a previously sick
goose, and also an epidemic of sixteen cases from eating the meat of
three calves which had previously suffered from calves' diarrhea. Heine-
mann23 and Neumann24 studied forty-seven cases in Cassel and found
that only those who had eaten meat from a certain butcher shop gave a

positive agglutination reaction with B. paratyphosus B. Roily4 dupli¬
cated this experience in a study of 250 patients, all of whom suffered
from a gastric form. Neumann24 reports its recovery from the blood,
and Jensen and Kock25 isolated a typical form from the bone sinus of an

old abscess.
15. Gaehtgens: Arb. a. d. k. Gsndhtsamte, 1909, xxx, Part 3, p. 610.
16. Prigge and Sachs-Muke: Klin. Jahrb., 1909, xxi.
17. Liebetrau: Ztschr. f. med. Beamte., 1910, No. 2.
18. Popps, Fritz: M\l=u"\nchen.med. Wchnschr., 1910, p. 584.
19. Konig: Centralbl. f. Bakteriol., Part 1, Orgl., 1909, 1.
20. Friedrichs and Gardiewski: Centralbl. f. Bakteriol., Part 1, Orgl., 1909,

li, 509.
21. Rommeler: Centralbl. f. Bakteriol., Part 1, Orgl., 1909, li, 501.
22. Zimmerman: Ztschr. f. med. Beamte., 1910, No. 3.
23. Heinemann: Ztschr. f. med. Beamte., 1911, Part 1, p. 2.
24. Neumann: Ztschr. f. med. Beamte., 1911, Part 1, p. 2.
25. Jensen and Kock: Deutsch. med. Wchnschr., 1910, p. 2196.
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The evidence that the organism exists in the intestinal tracts of
domestic animals has been demonstrated in at least three instances.
Schmidt20 and Conradi27 recovered the organism from the feces of swine,
and in 1911, Ruediger28 recovered the organism from the feces of a dog.
A private communication has been recently received which reports the
recovery of the organism from the feces of the domestic cat. This
organism was properly identified by all of the accepted criteria.

While there is some confusion as to the proper identification of
B. paratyphosus B, in those instances in which bacteriological identi¬
fication may be acceptable, organisms unquestionably belonging to the
paratyphoid group have been recovered from the meat of calves, geese,
swine, from sausage, ham, tripe, mince meat, Hamburger steak, from
spoiled oysters, ice cream, public water-supplies and also from the intes¬
tinal discharges of certain domestic animals; they have been recovered
from blood, feces, urine, abdominal and periosteal abscesses, ovarian car¬

cinoma,20 in pyelonephritis associated with urinary calculi,30 and on

autopsy, from the liver, spleen and kidneys of human beings. With this
extraordinary array of infectious foci it is not to be regarded as curious
that the cause of atypical forms of typhoid fever should be regarded by
many writers as ubiquitous.31

FREQUENCY
The relative frequency of paratyphoid infections has been studied

Avithout definite conclusions. Gwyn's32 case was the only one of 265
Avhich did not react positively Avith B. typhosus. Schottmüller6 and
Kurth,33 in their series of cases, found twelve which were negative to
B. typhosus, but reacted positively to B. paratyphosus. Johnston34
studied four cases occurring during an epidemic of 194 cases of typhoid
fever. Hewlett35 found one in twenty-six cases. Hühnermann,36 at
Saarbrücken studied thirty-eight cases of paratyphoid infection and
found no cases of typhoid infection. Conradi37 established a diagnosis
of paratyphoid fever in twenty-nine of 250 cases, otherwise diagnosed
as typhoid fever.

26. Schmidt: M\l=u"\nchen.med. Wchnschr., 1911, p. 563.
27. Conradi: Klin. Jahrb., 1909., xxi, Part 2.
28. Ruediger: Bull. Manila Med. Soc., June, 1911.
29. Seiffert: Med. klin. Berlin., March, 1912, viii, No. 9.
30. Spassokukozky: Wein. klin. Wchnschr., March, xxv, No. 13.
31. Hubener: Deutsch. med. Wchnschr., 1910, p. 70.
32. Gwyn: Bull. Johns Hopkins Hospital, 1898, p. 54.
33. Kurth: Deutsch. med. Wchnschr., 1901, p. 501.
34. Johnston: Am. Jour. Med. Sc., August, 1902.
35. Hewlett: Am. Jour. Med. Sc., August, 1902.
36. H\l=u"\hnermann: Ztschr. f. Hyg. u. Infectionskrankh., 1902, p. 522.
37. Conradi: Deutsch. med. Wchnschr., xxx, No. 32; Ztschr. f. Hyg. u.

Infectionskrankh., 1903, p. 141.
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In 1905, Fox,38 in his review of the literature, found that the reported
cases at that time were approaching a hundred, the diagnosis of some

being complete, while that of others was questionable. They were, in
part sporadic, in part small epidemics, and he measures the frequency
of occurrence by the cases of apparent typhoid fever presenting a negative
Gruber-Widal reaction. These, according to the Johns Hopkins Hospital
report, amounted to 2 per cent, of all cases, while Schottmüller's6 first
study of sixty-nine eases of apparent typhoid fever showed that 4 per
cent, were paratyphoid infections. All cases studied were sporadic and
were those regularly admitted to the hospital from various localities in
which, so far as is stated, the disease was not epidemic.

Proescher and Roddy,39 in 1910, in a review of the literature up to
that date, attempted to separate reported known cases of paratyphoid A
from paratyphoid B, and reported that in the Allegheny County General
Hospital, during 1908-09 "over fifty eases of paratyphoid A, about 200
cases of tj'phoid, but not one cases of paratyphoid B, were diagnosed."
According to this report, 20 per cent, of all apparent typhoids were

paratyphoid A infections.
Criteria for the proper identification of B. paratyphosus A and  

Avere followed in but feAV of the cases studied early (prior to the work of
Fox). However, the measure of incidence of either paratyphosus A or

paratyphosus  infections has not yet been determined, and its relative
frequency will differ for every outbreak in which there is a mixed
infection.

HISTORICAL

Iselin.—While studying an outbreak of typhoid fever in Iselin,
Indiana County, during February, 1911, the atypical clinical course of
cases which had been tentatively diagnosed by local physicians as typhoid
fever and Asiatic cholera led to a somewhat restricted stitdy of the blood
of nineteen patients.

At the time it was impossible to secure blood-cultures and the agglu¬
tinating properties of the serum of the nineteen patients were studied
with four members of the typho-colon group, viz., B. typhosus B. para¬
typhosus, B. paraculi and B. enteritidis (Gaertner). Seven agglutinated
the B. typhosus and twelve the B. paratyphosus B, and were negative to
all other members of the group studied. The reactions were studied in
but one dilution and time period, namely, 1-50 for one hour.

Through a misunderstanding, the feces were examined only for the
cholera vibrio,40 and for that reason no micro-organisms of the typho-
colon group were recovered.

38. Fox: Univ. of Penn. Med. Bull., April, 1905.
39. Proescher and Roddy: The Archives Int. Med., 1910, v, 263.
40. Hetsch: Klin. Jahrb., 1907, xvi, p. 187, has observed that cases of para-

typhoid infection, accompanied with severe diarihea, may be mistaken for Asiatic
cholera.
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The twelve reacting with B. paratyphosus  were, all but one, of the
type diagnosed as "Asiatic cholera"; that one patient, instead of having
diarrhea, showed marked constipation, subnormal temperature, prostra¬
tion and death.

The mortality in this outbreak, in which there were clinically diag¬
nosed twenty-two cases of typhoid fever and thirty-one of paratyphoid
fever, showed that four, or 12.5 per cent., of the latter resulted fatally ;
while in ten, or 45 per cent, of the cases diagnosed as typhoid fever the
patients did not recover. However, it should be pointed out that in the
majority of cases in which death occurred and where typhoid fever had
been diagnosed clinically, the patients had been referred to a hospital
where no serologie studies were made, and there is a possibility of error
in these figures. The four cases of paratyphoid fever which resulted
fatally, had all been diagnosed serologically, as well as clinically.

Bethlehem.—-During the subsidence of an epidemic of bacillary
dysentery in Bethlehem during September, 1911, a series of eighteen
cases were studied. The agglutination reaction of six of these was posi¬
tive with B. typhosus only; one was positive with both B. typhosus and
B. paratyphosus B, while eleven agglutinated B. paratyphosus  only.
Negative reactions were obtained with B. paratyphosus A, B. paraculi,
 . enteritidis (Gaertner), B. suicida and B. alcaligenes.

From the feces, in addition to the common forms, there were
recovered B. suicida,  . enteritidis (Gaertner), B. acidi lactici, and two
strains described by Kruse as B. paradoxus and B. pseudotyphoid. From
the spring source of the public water-supply, which was the transmission
agent causing the epidemic, B. alcaligenes, B. suicida,  . acidi lactici,
 . coli communior and a dysentery form ( . Bosen) were recovered and
identified in the usual way.

Two of the patients showing positive reactions to paratyphoid organ¬
isms died, a mortality of 16.6 per cent. There were 102 cases of typhoid
fever reported during the last four months of the year in which the
eighteen cases studied were included. The latter were the first to develop
after an epidemic of dysentery41 had passed its acme, and all showed
atypical onsets and clinical courses. Subsequent cases infected at the
same time gave a history of a longer prodromal stage and were typical
B. typhosus infections.

Blandón.—In an outbreak of thirty-five cases in Blandón, Berks
County, during November and December, 1911, six atypical cases were

studied. The blood of one reacted with B. paratyphosus A only, one

with B. typhosus, B. para coli and B. paratyphosus B, and four with
B. typhosus only. Of five micro-organisms recovered from the feces of

41. Hunt: Jour. Am. Med. Assn., 1912, lix, 919.
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five cases, two proved to be B. typhosus, one was identified as B. para¬
typhosus A, one Avas B. paratyphosus  and one B. enteritidis (Gaertner).

Coatesville.—One Feb. 11, 1912,1 was assigned to visit Coatesville,
Chester County, for the purpose of establishing a diagnosis. Ten cases
were studied and a tentatiA?e diagnosis of typhoid fever was made in
three cases, and of paratyphoid fever in seven cases.

An investigation of the conditions in CoatesA'ille showed that in the
practice of nine physicians there were 131 cases in which a diagnosis had
not been definite, many of the physicians, however, suspecting that they
were dealing with an atypical type of typhoid fever; none of the cases

had been reported. There are eighteen physicians in Coatesville, the 131
cases occurring in the practice of 50 per cent.

Facts which Avere known to the state department of health, in con¬

nection Avith evidence collected on the same date showed that it Avas a

Avater-borne infection, and the definite source of pollution was found to
be from human sewage, some of it from patients clinically diagnosed as

having typhoid feA7er; in addition the Avater:supplies were found to be
grossly polluted with sewage from domestic animals. The history of a

case of meat poisoning or of paratyphoid fever could not be obtained at
the polluting sources. The gross pollution of the public water-supply
occurred between Jan. 19 and Jan. 23, 1912. The earliest date of onset
was January 19; 334 cases were reported as typhoid fever to the local
board of health, the mortality of which was thirty-five, or 10.5 per cent. ;
of those diagnosed serologically, the mortality was three, or 0.9 per cent.,
of these one reacted positively with B. typhosus only, one with B. para¬
typhosus A only, and one with B. typhosus and. B. paratyphosus A.

Studies of the water, feces and blood of seA'enty-six patients were

immediately undertaken, because of the many atypical cases which
occurred.

The water examination showed the presence of large numbers of
B. paradoxus (Kruse),  . coli communis and  . cloacae. No other
members of the typho-colon group were recovered. The three types
recoArered were taken from samples obtained from the settling basin, the
borough water mains and Newlin's Run, which was the polluted source

of the epidemic.
No members of the typho-colon group were recovered from the few

specimens of feces studied.
Blood-cultures were made, but with negative results. No case could

be found which did not show a positive serum reaction. It is probable
that the specific micro-organism had disappeared from the blood because
of the presence of antibodies appearing coincident with the formation
of agglutinins.
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The seventy-six cases gave positive serum reactions in the following
proportion :

54.5 per cent, were positive with B. typhoaua only.
25.7 per cent, were positive with B. paratyphoaua  only.

9.9 per cent, were positive with B. paratyphoaua A. only.
9.9 per cent, were positive with more than one group, members as follows:
1.4 per cent. B. typhoaua and B. paratyphoaua A.
5.7 per cent. B. typhoaua and B. paratyphoaua B.
1.4 per cent. B. paratyphoaua A. and B. para-coli.
1.4 per cent. B. paratyphoaua B. and B. para-coli.
It should be stated that these patients were selected at random (with

reference to atypical characteristics) and were not chosen from any one

group or type. They represent cases with dates of onset from January 19
to February 25, covering as wide a range as possible.

The dates of onset of the seventy-six cases are plotted in the accom¬

panying diagram.
MixCO
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COATE3VILLE EPIDEMIC,
Agglutination reactions in the sera of seventy-six patients showing the rela¬

tion of positive reactions to dates of onsets of the disease.

It will be observed that the curves representing the dates of onset of
each group coincide to a very remarkable degree and would seem to
indicate that the incubation period for the various members of the groups
studied is practically the same. However, the prodromal stage, in all
cases showing a reaction with more than one organism, and those giving
a reaction with B. paratyphosus  only, was short and atypical; the
onsets were abrupt.

The serums of all cases, in addition to the above, were studied with
B. enteritidis (Gaertner), B. suicida,  . dysenteriae (Shiga) and B.
Rosen. The results were negative in every instance except as given in
the table.
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In order that we might have an accurate idea as to the specificity
of the reactions noted in this table, the agglutination reaction for each
laboratory organism used was studied with serums from supposedly
healthy persons. There was no agglutination of any of the types studied
in dilutions of 1-10, 1-20, 1-40, 1-80 and 1-100, except that in one person
a slight tendence to clumping without loss of motility of B. typhosus
occurred in dilutions of 1-10. All control cultures were decidedly motile
after one hour's observation.

The organisms used were obtained from the following sources: B.
typhosus from the Philadelphia Bureau of Health Laboratory ; B. para¬
typhosus A from the Laboratory of Hygiene, University of Pennsylvania ;
B. paratyphosus  from the same source, but was obtained by them from
Dr. Cushing of Boston; B. paraceli from Dr. Buxton, B. dysenteriae
(Shiga) was obtained from the Laboratory of Hygiene, University of
Pennsylvania; B. enteritidis (Gaertner) from the same laboratory; B.
spicida was isolated from feces in the Chester dysentery42 outbreak in
1910 by Herbert Fox and J. B. Rucker, Jr., while B. Rosen was isolated
from Bethlehem41 water and feces during September, 1911, by Rucker.

SUMMARY

To recapitulate : During the course of four water-borne epidemics of
typhoid fever, including 509 cases, 117, or 22.9 per cent., presented
atypical features, either during the onset or clinical course.

From the feces of eleven patients, in addition to the common inhabi¬
tants of the gastro-intestinal tract, there were recovered B. suicida,  .
enteritidis (Gaertner), three times; B. acidi lactici, twice; B. paradoxus
(Kruse), twice; B. pseudotyphosus (Kruse), once; B. typhosus, twice;
B. paratyphosus A, once; B. paratyphosus B, once, and B. cloacae, once.

From the water (in one epidemic) were recovered B. alcaligenes, B.
suicida,  . acidi lactici,  . coli communier and a dysentery organism
identified as one described by Rosen in an epidemic of bacillary dysentery
at Rotterdam.

The agglutination reactions of the blood-serums from the 117 patients
were studied in 1-50 dilutions and gave the following results during a

period of one hour or less :

Micro-Organisms. Number. Per cent.
B. typhosusonly. 54 46.15
B. paratyphosus A only. 9 7.7
B. paratyphosus  only. 47 40.2
B. typhosus A and  paratyphosus. 1 0.86
B. typhosus and B. paratyphosus . 2 1.71
 . paratyphosus A and B. paracoli. 2 1.71
B. paratyphosus  and B. paracoli. 1 0.86
B. typhosus B, B. paratyphosus  and

B. paracoli. 1 0.S6

_. 117 100.00
42. Report of Commissioner of Health, Pennsylvania, 1910.
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In consideration of the foregoing, the following questions naturally
suggest themselves :

1. What relation does a negative agglutination with B. typhosus bear
to the presence of paratyphoid fever?

2. What is the influence of "group" agglutinins?
3. How nearly specific is the Gruber-Widal reaction as practiced in

the usual hospital and private laboratory service?
The answer to the first question depends on a number of factors and

includes a consideration of the second question. The proportion of
negative reactions with B. typhosus, as has been previously noted, is very
low (according to Fox,38 0.4 per cent, of proven cases) ; the basis for
estimation, however, was from cases, all of which were collected from
the literature, and included but one outbreak of any magnitude (Saar¬
brücken), the origin of which was found to be in meat. No water-borne
epidemic of any size which included a study of atypical cases has been
reported; however, as Jordan43 suggests, both typhoid and paratyphoid
fever may exist undifferentiated in the same epidemic, and the full extent
of water infection for para cases is not fully recognized. The proportion
of negative results in the Coatesville epidemic seems to confirm this
suggestion, since 38.4 per cent, of cases were at all times negative with
B. typhosus.

TIME OE APPEAEANCE

Agglutinins in typhoid fever have been closely studied; they appear
as early as the fifth day of disease, but may not appear until the fourth
week, or even not until during the second month ; various statements as

to their time of appearance have been made by various observers. A
compilation of these observations resulted as follows : In from 18 to 25
per cent, of cases they appeared during the first week (i. e., after the
fifth day), 60 to 65 per cent, during the second week, 80 to 90 per cent,
during the third, and upwards of 94 per cent, during the fourth and
subsequent weeks. No observations are recorded as to the appearance of
agglutinins peculiar to paratyphoid infections. However, there is no

reason to believe that the same proportional relation to time of appear¬
ance would be different from that found in typhoid fever.

In the Coatesville epidemic, agglutinins reacting positively with the
micro-organisms named in the following table were present on the days
after onset as indicated :

Paratyphoaua A
Days after onset Number of

first observed. cases.
5. 1
9. 2

12. 1
13. 2
23. 4

43. Jordan: General Bacteriology, 1911.
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Paratyphosus  
Days after onset Number of

first observed. cases.
5. 1
8. 1
9. 2

10. 1
11. 1
13. 2
14. 3
15. 2
18. 4
21. 1
22. 2
39. 3
Unstated. 1

B. typhosus and B. paratyphosus A
5. 1

12. 1

B. typhosus and B. paratyphosus  
17. 1
18. 2
19. 1
24. 4

13
 . paratyphosus A and B. paracoli

B. paratyphosus  and B. paracoli
14. 1

It seems justifiable to assume that the time of appearance of agglu¬
tinine in paratyphoid does not differ from typhoid fever.

specificity

It is possible that group agglutinins may account for some of the
results obtained, but there are reasons for accepting the relative speci¬
ficity of the reactions recorded. First, because the agglutination reaction
of a laboratory strain of B. typhosus has been shown to be greater than
for any related micro-organisms with which it has common or group
agglutinins (such as B. coli,  . enteritidis,  . paratyphosus  ) ; second,
the power of a given serum to agglutinate B. typhosus in high dilutions
practically always will be accompanied by the power to agglutinate the
related bacilli in a much lower dilution; that is, the specific agglutinins
in B. typhosus are usually far in excess of the non-specific or group
agglutinins ; and, third, group agglutinins are less likely to be present in
normal serums. All studies reported in the literature have been made
with immune serums.1·4· 3S-43· 44· 45 The variation of specific and group
agglutinins has been noted, not only in bacteria biologically related, but

44. Hiss and Zinsser: Bacteriology, 1910.
45. Rimpau: Munchen. med. Wchnschr., 1909, p. 1843.
46. Wolff: Centrabl. f. Bakteriol., 1899, xxv.
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also in different strains of the same organism.1-48 This variation, how¬
ever, in view of the fact that specific agglutinins are always far in
excess of group agglutinins should not detract from the specificity of
these observations.

Jordan43 points out the fact that the specific agglutinins produced by
the two types of para-organisms, as those of B. typhosus, are entirely
different. While Park1 states that because of the lack of absolute speci¬
ficity, the diagnosis of the type of infection or the absolute identification
of the micro-organism can only be determined (through agglutination or

bacteriolytic tests) with a certain degree of accuracy.
Various criteria for determining the specificity of the infecting

micro-organism have been suggested.
Fox38 states that "the best proof of the existence of a para-infection

is the isolation of the bacterium, the saturation test, and, last, the bac¬
tericidal action."

Mayer43 suggests the use of the Pfeiffer test (bactericidal) when
there is a negative agglutination and atypical clinical course with
recovery of B. paratyphosus  from the feces. Libram47 emphasizes the
value of the saturation test to differentiate infections by B. typhosus and
B. Gaertner. Neuman24 relied in the diagnosis of sixty cases on the
recovery of a micro-organism from the blood and positive agglutination.
Kallmeyer48 reports one case in which he obtained a positive agglutination
with B. paratyphosus A in 1-40 and 1-60 dilutions, and negative reaction
with B. typhosus.

Grimm49 states that the Gruber-Widal reaction in its mutual relations
is specific in the early stage, but believes that a single examination often
fails to fix the diagnosis between typhoid and paratyphoid infections
because of atypical reactions caused by preformed agglutinins. He states
that the occasional determination in high dilution in normal human
serums for paratyphoid fever shows just as little as the recovery of the
bacillus from the feces.

Hiss44 decides that the specificity of reactions for practical purposes
is not destroyed if proper dilution is carried out, as the degree of agglu-
tinin formation is always higher for the specific bacterium than for allied
micro-organisms. His diagnostic criteria would then depend on recovery
of the bacillus and the study of immune serums.

Park1 states that "the only reliable criteria for diagnosis" are negative
reaction with B. typhosus in a dilution of not less than 1-40 with a

positive reaction to a paratyphoid bacillus the agglutinability of which
is known, or the recovery of a para form from the blood, urine or com¬

plicating inflammatory process.
47. Libram: Ztschr. f. Hyg. u. Infectionskrankh., 1909, lxiv, Part 3, p. 411.
48. Kallmeyer: St. Petersburg med. Wchnschr., 1909, No. 25.
49. Grimm: Centrabl. f. Bakteriol., Abt. 1, Orgl., 1910, liv, Part 4, p. 367.
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From these varied opinions it is difficult to conclude what criteria are

acceptable. As Jordan points out, the absorption of specific agglutinins
with the homologous organism removes not only the specific, but also
part or all of the group agglutinins, and that bacteria may even remove

agglutinins which they have not produced and which do not visibly affect
them. Hence, the use of Castellani's test may lead to wrong conclusions
unless high enough dilutions can be used to exclude all action of group
agglutinins. The use of this test to determine "mixed infections" may,
for the same reasons, lead to false deductions.

There is reason to believe that the bactericidal power of serums bears
no relation to the presence of agglutinins. This has been apparently care¬

fully worked out by the use of Pfeiffer's test and by studies on the
relationship between bacteriolysins and agglutinins.

The recovery and absolute identification of the causative micro¬
organism is of unquestionable value, especially when isolated from the
blood-stream. That this can be done without elaborate technic is shown
in the report of Schweinburg,50 who, while examining 129 specimens of
blood collected for the agglutination reaction in the usual way, made
cultures with the following results :

Week of No. of Positive Per Positive Per
Disease Cases Culture Cent. Agglutination Cent.

1 67 65 97 57 84.9
2 40 32 80 36 90
3 10 5 50 8 80

After third 12 Neg. . . Neg.
In four specimens the organism isolated was identified as B. para¬

typhosus A; in all others, B. typhosus. (The tabulation is mine.)
The recovery of B. paratyphosus A or  from the dejecta seems less

conclusive10 since a variety of non-pathogenic types are also recovered
from the feces of a relatively large number of domestic animals and
humans. Given the presence of distinct clinical phenomena and the
appearance of agglutinins in the blood-serums, the recovery of an

organism from the feces has the greater value.

LABORATORY USAGE

The answer to the third question is found in the consideration of the
Coatesville tabulations. Practically but few laboratories do much more
than study submitted specimens of blood-serums with B. typhosus, usually
in low dilutions —1-20 or 1-40. As a rule, however, the agglutination
reaction of a laboratory strain of known agglutinability (as noted above)
is greater than for related micro-organisms, and there is no opportunity
for interagglutination of a lower group member confusing a positive

50. Schweinburg: Wein. klin. Wchnschr., 1910, No. 9.
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diagnosis. It, however, makes no provision for a negative result in the
possible instance of lower group infection. We are justified in assuming
that the reactions as routinely practiced in hospital and other laboratories
are only as specific as the presence of typhoid fever is in the cases

examined, and hence there is additional reason for determining the
reaction in negative cases with members of the paratyphoid group.
During the past two years this work has been carried out in the labora¬
tories of the Pennsylvania State Department of Health, but only in
epidemic work.

CONCLUSIONS

These studies during the course of four epidemics indicate that we
were dealing with unusual and widely varied types. It is probable that
each type was specific, if Park's criteria are acceptable. The serums,
collected at varying periods of from seven to thirty-seven days, studied
in dilutions of 1-50 with known organisms for at least one hour, with as

many as three studies in several cases, reacted only with the types
recorded; hence the specificity of the infecting bacilli as determined by
these tests is probably accurate.

Many observers express the opinion that the differentiation of para¬
typhoid infections from typhoid fever is of importance only from an

etiological standpoint. It would appear that the differentiation has a

much greater significance. The rôle in transmission of the undiagnosed
cases (as in the bacillus carrier) has not been statistically determined.
If in fifty-nine of 509 cases, or 11.5 per cent., of all patients, there is a

constant negative Gruber-Widal, it is of greatest importance to show the
relation of this to some other and just as serious infection.

The doubt of many practitioners of the existence of atypical cases is
more prevalent than can be easily understood and is very apparent to the
sanitarian, often to an uncomfortable extent, since he must secure results
through the modus operandi of legal procedure, or, at least of persua¬
sion, and the difficulties in diagnosis are reflected in the difficulties to
secure proper reporting and supervision.

The use of the agglutination reaction of the normal serum is the only
laboratory method available to the vast majority of general practitioners.
The reliance on this point is practically absolute among the large majority
of physicians, and it is not curious when one refers to clinical literature
and teachings.

The results seem to indicate the following :

1. The great variation of types of infecting micro-organisms.
2. Paratyphoid infections are probably endemic in Pennsylvania.
3. The importance of differentiating infections by types of the typho-

colon groups.
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4. The importance of the infection of water-supplies from the fecal
discharges of domestic animals as well as of human beings.

5. The suggestion that a mixed vaccine is of more importance than
one of B. typhosus only.

I desire to express my very great appreciation to Dr. Samuel G. Dixon,
Commissioner of Health, for this opportunity; to Dr. Herbert Fox, J. B.
Rucker, Jr., and Alexander Garcia for their laborious work, and to many phy¬
sicians in Iselin, Bethlehem and Coatesville, who made it possible to study their
patients.
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